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Broadly reflecting ^ were „ ^ ^ ^ ^ 

- M-W of Fabrication Therefor" by Sadeg M. Paris and Le U which was flied October 30, 
5 Such broadband ^ „ ^ fcy § ^ ^ ^ 

layer. A narrow band, switchable polarizing single layer reflector is disclosed in European patent 

havtng a broader bandwidth is diseased in PCX appbcation W097/2358, pnblisbed July 3 ,997 
General references on polytner dispersed iiouid crystals may be found in detai, to .. Polym J r 
Aspersed Liquid crysW displays", by ,. W. Doane, a chapter in "Liquid Crystals" Ed B 
Bahadur, Worid Scientific Publishing , Sing apo r =, and "CLC/polyner dispersion for ^ . fce 
hgh, sbuners, by D, Yang e, al. Appl. Phy, Le tt . „, 3 .02 (1 992). Smart W.ndow Design ,s 
heated m "Elechochromism and smart window design", by C. Granqv lst , Solid State ,onics 53-55 
(1992) and large scale etaochromic devices for smart Endows and absorbers", by T Meise. 
and R. Baraun, SPIE 1728,200 (1992). The above identified US patents and other references are 
hereby incorporated by reference. 
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Iti -°^of fll ei n ve nt io nt o pro v i dea refl ec ti vepo,an 2ingfilmlMvinga bandwjdth 
wmch is controllable by an electric field. Mndwdth 

fi,mhar mobj ~ of ^ v ^^^ 

film havmg a very wide bandwidth which is cobble by an Cecbic field. 

SUMMARY nv Tire PPESRNT njVBMT.n> t 

The present invention provides a single layer polarizing reflective film comprising a 
ed ^™^ed^ 1 own 1 olecrnar W eigh, I ^dc^ mo J e r^ lw 

ITT"* ^^-^-onn.offi^dcrys.i.no.ecmestorhe 
fc * *-« » *- *• cy*al modules may move 

holestenc h q u,d crystaihne order responsib.e for the reflectivity of the potato, light ff me 
common of the film is uniform, me polt^ refiecfivityof me film L a very lo! 

to^of**^^^^ ^sufficienlmghmolj™ 
molecufe, ^^doeanotdifl^afiermanm^o^^^^^J^ 



Fig. ] shows the film 10 of the invention. 

Fig. 2 shows the device of fig. , with the addition of a , /4 phase retardation plate 
Fxg. 3 shows an additional embodiment of the device of fio 2 
Fig. 4 shows the film of the invention used for display purpose, 
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Fig. 5 shows an optical system using the film of the invention. 

Fig. 6 shows an optical system for injecting a controlled bandwidth polarized light beam 
into an optical communication fiber 64. 

Fig. 7 shows the voltage controlled fito of the invention as a eavity element in a laser 



cavity. 



Fig. 8 shows the reflection spectra for unpolarized Ugh, of the bandwidth changeable 
polarizer for different values of the voltage across the film. 

Fig. 9 shows the transmission spectra for right and left handed circularly polarized (RHCP 
and LHCP) light of a film of the invention. 



Stnce the early attempt of utilizing cholesteric film as optical filter and the effort on 
polymer encapsulated nematic liquid crystals for display, much attention has been focused on 
trying to bnng polymeric liquid crystals and cholesteric liquid crystels together to make devices 
for hght control application. (See, for example J. Adams, W. Haas, J. Dailey, Journal of Applied 
Phystes, 1971, and J. L. Fergason, Society for Information Display Digest, 1985.). We report 
new polarizers made from a high molecnlar weigh, reactive choleretic liquid ctystiu polymer 
matenal mixed with conventional low molecnlar weigh, liquid cystitis and a chhal dopan,( s ) 
The resulting polarizers reflect circular polarized light matching their spiral senses. A 10 um thick 
polanzer, with a bandwidth from 440 nm to 660 nm, can be switched from reflection mode to 
transmtsston mode by applying an electric field. This broad band switchable polarizer is the 
subject of a copending application entitled BROADBAND swr rCHABT.P. POt Antznn ' 
Inventors Jian-feng Li, Le Li, Bunsen Fan, and Yingqiu Jiang and Sadeg Paris, and which is 
asstgned to the assignee of me present application, and submitted on the same date as the present 
application, and which is hereby incotporated by reference. 

Using a material blend containing a reactive cholesteric liquid crystalline (CLC) 
compound, other non-reactive liquid crystid(s) and chiral dopants), die switchable polarizer is 
created by a mechanism termed as ultraviolet (UV) polymerization induced molecular 
redistribution (PIMRD) which is responsible for creating a nonlinear helical pitch distil bution 
along the CLC helical axis. This redistribution is described in great detail in Le Li and Sadeg M 
Fans, Single Layer Reflective Super Broadband Circular Polanzer And Method of Fabrication 
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Therefor, U.S. Paten., 5,691,789, .997. Cross luting or polymerization of Are high moleeular 
werght material takes place a, different rates in different plaees in the material, and the non- 
reactive compounds are pushed ou, from the more cross linked or polymerized material and 
seg.ega.ed as reported in an article by Yang, 0.K., Chien, L,C, and Doane, J.W., Appl Phys 
Lett 60, P 3 1 02 (1992). As a result, some diffusing non-reaetive molecules are "mapped" in the ' 
polymer network during the polymerization. At sites where the polarization rate is lower, more 
non-reactive nematic liquid crystalline molecules are accumulated and the helical pitch become 
longer. Ultimately, this PIMRD mechanism yields a non-uniform helical pitch distribution 
throughout the mixture, resulting in a switchable broadband reflective polarizer. 

The non linear pitch distribution may be attained by polymerizing with light, where the 
mtenstty of the light varies throughout the layer of materia.. This happens naturally if the material 
.nurture absorbs the light sttongly. The mixture is merely irradiated a, a low enough intensity to 
allow dtffusion „f me non-reactive nematic liquid crystalline molecules fiom one surface of tire 
nuxture to me other. Appropriate light absorbing molecules may be added to the mixture ora 
wavelength ofthe Ugh. may be chosen which is sttong.y absorbed in one ofthe constituents of the 
mixture winch is necessary for the function ofthe broad band polarizer. Other methods of 
polymenzation as known in the art may be used as well, so long as tire requisite nonlinear light 
absorption results. Such methods as election or other beam irradiation, or heating with a large 
temperature gradient across the material, could also be used. . 

We have found a very different effect when we crosslinked tire polymer with very high 
mtenstty UV light so that the low molecular weigh, molecules could no. diffuse far in the 
approxrmately 1 second polymerization time. We found mat tire resulting film had a very narrow 
bandwtdth (70 nm), bu, that when an electric field was impressed across the field, the polarizing 
reflective bandwidth, surprisingly, broadened to 350 nm. This compilable bandwidth film is the 
subject of the present application. 

Using a material blend containing a reactive cholesteric liquid crystalline (CLC) compound, other 
non-reactive liquid crysta,(s) and chiral dopan«( s ), this bandwidth changeable polarizer is created 
by a very fast UV curing process which ts opposite to the PIMRD process. The derailed firs, 
recpe is a mixture of 12% by weigh, of a high molecular weigh. (HMW) CLC polymer [BASF 
1 81(25% btsacryla.es)], 61% of a low molecular weigh, nematic material E44 obtained from 
Merck, 25% of a chiral additive CB15 obrained from Merck, and 1.9% of a photoinitiator 10 
1 84 from Cba Geigy. In tins process, a strong UV source (1 W/cm 2 ) and higher concentration of 
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photo-initiator had been used As a result rfiffi, ■ c , 

reflective polarizer when the ekctrie « t„ ' m * " TOW *"* (70 "0 

woe- the eleetne field impressed in the film was low 

A special right-handed reactive chnl,««i„.- •.. 

"^availahlenemafich^rl" 0 " — *• 
adding chira, dopant is again to adL Jm" T am0m " ^ ^ ~° f 

nm, was used to polymerize reactive r -7 ' " ,, *'* h Cen<ered M 365 

™dia.ed with a intense UV J^T ! " ^ ^ ^ « d *» 

order of second). '«—*»«. -empemmre forashoi, period of time (in the 

Preferred recipes have a!so been devemped. They are Usted as f„„ow, 

Recipe 2#: CMI81 (365nm) (BASF) = 12% CBI5 - ?s°/ C a„ 

10 micrometer, curing temple jL ' • ~ ' ^ " ^ 1GW ' 2% ' « = 

»hen no voltage is applied IT * ' W/Cm2 **" 600 " 

740nm (rightiandJ T " ^ °' ^ ^ b ~ <™dens fiom 500 - 
^xigni nanded), switching voltage 26V (Dr ■ 01 

Recipe 3*: CM171 (50 7 L) 1 n^cZ -Z l **» " ^ ' 
lOmicrometer, curing temperature 5'c W ■ ' % ' IG ' 84 " ^ d ' 

when no voltage is apphed "7 , ^ ' ' 680 1 ™nm 

«0 - S50nm oJ^^T* ^ ^ ' * «» *» 

medium: " ^ ^ 3 ° V <** CM >" '--linking density is " 

Recipe4*:CM181 (365nm).I2»/„ CB15=2fi«/ pa„ ^ 
micrometer, curing temperature 25»C UVmll 1 w, = IG ' 84 = " = " 

handed), switching voltage 45V (DC, cZ ^ " 850nm «*" 

8 ge 45 V(DC).CM1 71 cross-linking density fa | ow 

handed), switching voltage 45V (DC) run 71 ,- , - (nght " 

S « (DC). CM1 71 cross-linking density is low. 
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Various embodiments of me invention may be understood by reference to the figures 
Fig. 1 shows the film *0°f the invention comprising a cross linked or polymerized 
matena. having a high molecular weight component and a low modular weigh, CLC component 
Fdm ,0 . contacted by e.ectricaHy conducting materials ,2 and ,4 which may have a voltage V ' 
apphed ,o mtpress and electric field in the material of the invention. The materials 12 and ,4 may 
contact the film ,0 or be closely adjacent film .0. Unpolanzed fight ,6 is show, incident on film 
.0 through conducting material .2, which is transput to the Ugh, 16. Righ, hand circularly 
polanzed hgh, 18 is shown reflecting from fi. m ,0, while left hand circularly polarized ligh, is 
shown „ed through fihn ,0 and trough materia, 14. If material ,4 does no, absorb fight, 
^^cuc^ly^^^^^^^^^ 10, the device of 
%l.sa^arizer. IfUgh, ,9 is transnined, device of fig. , is. polarizing beamsptiner. 
When me field is imprest fa film 10 by ^ ^ ^ y _ ^ ^ 

ctrcularly polarize. Ugh, 18 broadens. If the Ugh, inciden, on to film 10 is righ, hand circularly 
polanzed, the voltage may be used to change the device of fig. , fi„ m . nmow ^ reflector of 
15 the light to a broad band reflector of the light. 

Fig. 2 shows the device of fig. 1 with the addition of a a/4 phase retardation plate 24 
Unpolanzed Ugh. inciden, on the device of fig. 2 wiU be result in linearly polarized Ugh, being 
controllably reflected from me device. IfIinearlypo,arizedUgh,ofd 1 ec„rreo,po,arizaUonis 
mctden, on me device of fig. 2, the vo,<age may be used to oontzo, the bandwidth of me reflected 
.0 Ugh, or the width of the "notch" in the transmitted light. 

Fig. 3 shows an additional embodiment of the device of fig. 2. whereby an additional nl 4 
phase retardation plate 34 converts the circularly po.arized Ugh, remaining from me initially 
unpolanzed inciden, Ugh, to a linearly polarized Ugh, beam 32 which has opposite polarization to 
the reflected beam 22. 

5 Fig - 4shoMMen > b ^"ofthefilmofuleinven.i„nusedfotdisplaypurposes The 

. lectirc field in the film 10 of the invention is controlled to vary spatially across fte area of me 
film 1 0 by a voltage controller 48 applying varying voltages to segmented electrodes 46 The 
bandwidth of tight 42 is changed from me various areas of the fihn to give a disp.ay. In tire case 
shown, polarized Ugh, may be used for light 42, and tire po.arized ligh, in transmission may also . 
be used as a display. 

. ■ Fig. 5 shows an optical system using, he film of tire invention, whereby the controllable 
bandwidth ligh, beam 58 may be used in further optica,, systems 54, and the transmitted ligh, 
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po M »gh< beam 58 through a lens 62 mt0 „ optical commlmicatioil fiber ^ 

F,g. 7 show, an embodiment using the voltage controlled fdm of the invention as a cavity 

reflector 72 for a cavtty comprising the cntroflab.e bandwidth polarizing film, a broadband light 
. arnphfier* and a broadband mitror 76. Tie device of fig. 7 wilUaae and ptoduce a control 

vaiue.^ The laser output may be dratvn either fiom the mirror 72 or from the minor 76 
dependmg on the transmissions of the cavity reflectors. 

panzer of reci pe „ for different values of the voltage across the film. With electnc fleid off, the 

ST 777' " d ^ ^ '° ^ 70 nm ^ • DC **■ «*. of 7 
V mm , apphed, *e bandwidth is then broadened to 350 nm. Scattering p.ays an in^fican, 
tole here. By vsual wpeaion , we folmd> ^ Dc ^ ^ 

was not noticeable by naked eyes. P<=, mat naze 

and r t7 " " Si ° n ^ ' eft ta * d T (RHCP 

and LHCP) hght for a sample of film made from tecipe #1 

We believe that, due to the restriction on the diffusion during me polymerization of the 

727 T! m "* ^ ^^^.or concentration, the helical pitch 
dtsnt uuon of the samp.e is natrow, and the distribution of the chiral po.ymer is aiso uniform 

»*d hehca, smtcture was no, affected due to its high cross-finking density. However, the non- 
reactve cho.estenc liquid crystal component are affected by the e.ectric field. The helica. 
smtcmre w. untwisted Be,ow the threshold fi el d, due t0 ^ constIaint fom ^ ^ " 
sample, 8 urn) and the cross-linked cholesteric potymer, me non-reactive modules closer to the 
polymer network wou,d maintain their orientations, those are no, so dose to the poiymer network 

of such a hehca. sfructure is „„ lo „ger narrow* centered „ ^ ^ ^ ^ , 
broader one as we had observed in on, Moratory. We had also observed that such a untwisting 
process has a mtrinsic time constant in the order of seconds. 
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